ABSTRACT
INTRODUCTION
Arterial hypertension (AH) is a pathology of high prevalence that tends to increase with age. 1, 2 It is a global health problem, and according to the World Health Organization (WHO), AH is one of the main risk factors for cardiovascular disease.
A dentist can provide a valuable public health service by regularly checking the blood pressure (BP) of their patients. However, a dentist cannot diagnose AH based on momentary actions, but must inform the patient when the values are suggestive of hypertension, suggest lifestyle behaviours and refer the patient to a specialist for further testing 1, [3] [4] [5] to obtain a correct diagnosis.
The response of BP to dental treatment is conditioned by factors that the dentist should try to reduce, such as physical and psychological stress, environment, humoral factors, central stimuli and neural reflexes. [6] [7] [8] Another determining factor is the possibility of finding patients with white coat hypertension (WCH) in the dental clinic. Although WCH is observed with a higher frequency in patients who experience a greater increase in BP under psychological stress, 9 most patients exhibit a higher BP in the office than outside. 10 The objective of the present study was to evaluate the impact of surgical and nonsurgical dental treatments, with or without the use of anaesthetics with a vasoconstrictor, on BP variations in a sample of two adult populations of normotensive participants and hypertensive participants undergoing antihypertensive treatment > 65 years of age.
MATERIALS AND METHODS

Study design
This was a prospective, observational study, approved by the Ethics Committee of the International University of Catalonia (Universitat Internacional de Catalunya), Barcelona, Spain (A-09JCT09). The experimental protocol was carried out according to the principles stated in the Declaration of Helsinki. The study was carried out with the collaboration of the Area of Special Patients and Gerodontology of the Faculty of Dentistry of the International University of
The notifying document was delivered to the participants, and informed consent was obtained from all the participants.
Study population
The sample consisted of participants over 65 years of age who attended the University Dental Clinic (Clínica Universitaria Odontológica-CUO) of the International University of Catalonia (Universitat Internacional de Catalunya). The inclusion criteria were (i) participants over 65 years of age, (ii) not classified as American Society of Anaesthesiologists (ASA) group IV or V, and (iii) without pheochromocytoma, hyperthyroidism, uncontrolled asthma, uncontrolled diabetes and/or allergy to sulfites.
The sample consisted of 200 participants (100 normotensive and 100 hypertensive participants treated with antihypertensive drugs). Each sample group consisted of the same number of participants (n = 50) with surgical treatment versus non-surgical treatment. In the surgical group, 25 participants had anaesthetics with a vasoconstrictor and 25 had anaesthetics without a vasoconstrictor. The non-surgical group consisted of 25 participants without an anaesthetic versus 25 participants under anaesthesia (20 with a vasoconstrictor and five without). The participants were classified as normotensive or hypertensive with antihypertensive treatment based on the medical history provided by the participant.
Study variables
The demographic data of age and gender were obtained, in order to verify the homogeneity of the study populations in relation to these variables. The dependent variables were systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate (HR). The independent variables were the time in which the BP was measured during a dental visit (before, during or after the dental treatment was completed), whether or not dental anaesthesia was used with/without a vasoconstrictor and surgical or non-surgical treatment.
Statistical analysis
A doubly multivariate analysis of repeated measures was applied for multiple dependent variables. The SBP, DBP and HR of the subjects were measured, grouped by normotensive or hypertensive participants with antihypertensive treatment, at different times throughout the dental intervention. The multivariate approach was considered in relation to the time variable to avoid the sphericity assumption, and several dependent variables were included to apply a doubly multivariate design. For each effect, a test was obtained on an optimally weighted combination of the three dependent variables. When the test of the doubly multivariate analysis was significant, posthoc tests of said effect were performed on each dependent variable, providing some protection against inflation of the α with multiple dependent variables.
Technique and data collection instruments
The clinical history form of the International University of Catalonia (Universitat Internacional de Catalunya-CUO) was included with the study registration form collecting sociodemographic data (age, sex). The type of dental treatment was specified, differentiating surgical and non-surgical treatments, whether or not dental anaesthetics were used with a vasoconstrictor (articaine with adrenaline 1/100,000) or without a vasoconstrictor (with mepivacaine), the anaesthetic technique and the number of carpules used. Five timepoints were established to measure BP fluctuations: level 1, at 5 minutes before the intervention; level 2, 1st measurement at the beginning of the intervention; level 3, 2nd measurement at 5 minutes after the intervention; level 4, 3rd measurement at 10 minutes after the intervention; and level 5, at 15 minutes after the intervention. The participant's BP was recorded using a digital sphygmomanometer (OMROM M6 digital sphygmomanometer model (HEM-7001-I), OMRON HEALTHCARE Co., Ltd, Kyoto, Japan), which is validated for use in elderly patients 11 , and a Holter (BP PM50 NIBP/SPO2-Holter model, Contec Medical Systems Co.,Ltd, US), which is an appropriate method for elderly patients. 12 The participants were instructed to avoid exercising, ingesting caffeine or smoking for 30 minutes prior to the BP measurement and to rest for 5 minutes in a sitting or lying position before proceeding with the BP measurement. Normally, the BP was similar in both arms, but if the difference was equal to or greater than 10 mm Hg, the measurement was carried out in the arm that produced the highest values.
RESULTS
The homogeneity of the sociodemographic profile of the different groups of participants was analysed. Both p-values of Pearson's Chi 2 test for the comparison of proportions were 0.473, which indicates that there were no significant differences between gender according to BP levels or the type of treatment, surgical or non-surgical. The MannWhitney distribution comparison test indicated that there were no significant differences in the age of the participants according to BP level or treatment (p=0.165 and p=0.935, respectively).
Evaluation of the effect of time, group and treatment
In the two study populations, whether or not subjected to surgical treatment, the time factor implied a similar evolution of the study variables without distinguishing between groups of normotensive versus hypertensive participants with antihypertensive treatment. Therefore, a progressive increase in SBP was seen among the different measurement timepoints up to level 4 of the intervention period (p=NS between each of the intervals), followed by a significant fall (p=0.015), until the recovery of the initial levels in the last measurement. From the initial determination until the beginning of the intervention (timepoints 1 and 2) there was a significant decrease in DBP (p=0.001) and HR (p=0.0001), producing a significant rise in DBP (p=0.019) and HR (p=0.0001), until the recovery of the initial levels in the last measurement. (Figure 1 ). The evolution of some of the study variables was not the same in the participants undergoing surgical versus non-surgical treatments, without distinguishing between groups of normotensive versus hypertensive participants with antihypertensive treatment. Therefore, from the initial determination to the start of the intervention (timepoints 1 and 2 of measurement), there was an increase in SBP with surgical treatments, while there was a decrease with non-surgical treatments; the difference was significant (p = 0.002). In the surgical group, SBP remained stable until it decreased at the end of the surgical process (last measurement moment), while in the non-surgical group, a progressive increase occurred, with a significant difference between the two interventions after 15 minutes of the intervention (p = 0.001) (Figure 2 ). Regarding the effect of surgical versus nonsurgical treatments, no significant differences were observed in DBP, but they were observed in relation to HR, resulting in a decrease in the two treatment groups to similar levels. This decrease in HR was more marked and significant in the surgical treatment group (p = 0.003), from the initial determination until the beginning of the intervention (timepoints 1 and 2), and more progressive in the non-surgical treatment group. Once the surgical or non-surgical treatment was finished (timepoint 4), there was an increase in HR to baseline levels, being more accentuated and significant in the surgical treatment group after 15 minutes of the intervention (p = 0.032) (Figure 3) . In the two study populations, the type of dental treatment, surgical or non-surgical, implied significant differences in the evolution of the study variables. In hypertensive participants, a decrease in HR in the two treatment groups was observed, to similar levels, from the initial determination to the start of the intervention (timepoints 1 and 2). In normotensive participants, there was a decrease in HR with surgical treatments and an increase with non-surgical treatments, and there was a significant difference between the two groups depending on the type of treatment (p = 0.005). Between 5 and 10 minutes of the intervention (timepoints 3 and 4), in hypertensive participants, there was a decrease in HR with surgical treatments and an increase with non-surgical treatments; while in normotensive participants, there was an increase with surgical treatments and a decrease with non-surgical treatments, producing a significant difference between them (p= 0.003) (Figure 4 ). 
Evaluation of the effect of time, group and use of vasoconstrictor
In the two study populations, whether or not they were exposed to the use of a vasoconstrictor, the time factor involved a similar evolution of the study variables, without distinguishing between groups of normotensive versus hypertensive participants with antihypertensive treatment. There was a significant progressive increase in SBP when anaesthesia was used, with or without a vasoconstrictor, between the different measurement timepoints up to level 4 of the intervention period (p = 0.017), producing a significant decrease (p = 0.001), until the recovery of the initial levels in the last measurement. From the initial determination until the beginning of the intervention (timepoints 1 and 2), there was a significant decrease in HR (p = 0.0001), producing a significant increase (p = 0.0001), until the recovery of the initial levels in the last measurement ( Figure 5 ). No significant differences were observed regarding the DBP variations. The evolution of some of the study variables was different with the use of anaesthesia with or without a vasoconstrictor, without distinguishing between groups of normotensive versus hypertensive participants with antihypertensive treatment. From 5 minutes before the intervention until the beginning of the dental treatment (timepoints 1 and 2 of measurement), SBP increased sharply in participants without a vasoconstrictor, while in participants exposed to a vasoconstrictor, SBP remained stable; the difference was significant (p = 0.038). Initially, DBP decreased significantly when a vasoconstrictor was used (p = 0.001), thus ending with a significant increase (p = 0.018), while the use of anaesthesia without a vasoconstrictor produced an evolution of the DBP opposite to the previous evolution ( Figure 6 ). Regarding HR, whether or not a vasoconstrictor was used did not produce significant differences in its evolution. 
DISCUSSION
Preoperative measurements of BP reduce possible complications that may occur throughout the daily routine of dental practice. 5 In previous studies 1, 7, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , as in the present study, BP values have been recorded during dental treatment. The fact that the BP monitoring is for a limited period of time determines that only punctual information of said values will be obtained. Therefore, to conclusively determine the presence of WCH, ambulatory BP monitoring should be carried out for 24 hours to exclude WCH and attain a reliable diagnosis. 26 In our study, the classification of participants according to whether they were normotensive or hypertensive with antihypertensive treatment was based on the medical history provided by the participant; therefore, a possible non-compliance bias cannot be excluded regarding the taking of treatments by a portion of the study population. Five measurement timepoints were established, similar to the more exhaustive studies 7, 13, 17, 20, 23 but unlike other studies that used fewer BP records for monitoring.
1, 14-16, 18, 19, 21, 22, 24 HR monitoring was determined using a digital sphygmomanometer and Holter monitor, as recommended by some authors in the case of high-risk patients with advanced age 12 , achieving continuous monitoring and avoiding the loss of BP values.
Regarding the administration of local anaesthesia, negative aspiration was verified because there may be important variations in the haemodynamic changes if a solution of local anaesthetic is accidentally injected into a blood vessel. 21, 22 Local anaesthesia was placed at the time corresponding to the start of the intervention (1st measurement) to determine BP fluctuations. A maximum of three carpules were administered in the group of normotensive participants, according to authors such as Santos et al. 27 who determined that small amounts of epinephrine appear to show relatively transient cardiovascular effects in healthy subjects. In the group of hypertensive participants with antihypertensive treatment, a maximum of two carpules was established because authors such as Holm et al. and Aubertin et al. 28, 29 established that in patients with cardiovascular disease or uncontrolled hypertension, the maximum number of carpules that can be administered with an epinephrine concentration of 1:100,000 is a total of two to four carpules. Patients with hypertension are considered a high-risk group when they are administered local anaesthesia with a vasoconstrictor because epinephrine shows a high potential to increase BP levels and thus leads to the possibility of suffering a cardiovascular event. 30, 31 However, international guidelines determine that it is safe to use local anaesthetics containing epinephrine in stage 1 hypertensive patients. 29 In 1964, the American Dental Association (ADA) and American Heart Association (AHA) established that local anaesthetic solutions containing normal concentrations of a vasoconstrictor were not contraindicated in cardiovascular patients, although they were patients for whom adequate monitoring and aspiration should be performed.
During BP monitoring in normotensive or hypertensive geriatric participants with antihypertensive treatment, the study variables varied in different ways throughout the interventions, to end up recovering after 15 minutes of concluding the intervention. Thus, at the beginning, the SBP increased progressively and then decreased between the two final measurement timepoints to thus return to the initial values. The DBP decreased between the first and the second periods of evaluation and then increased between the fourth and fifth timepoints. The HR decreased until the third timepoint, where it remained and then recovered at the end. These results are in agreement with the majority of previous studies. 7, 13, 20, 23 However, these results differ from a study by Gortzak et al. 14 probably because they stated that none of the participants were too anxious because they knew that they would only undergo a routine dental check-up; therefore, any fear of treatment involving anaesthesia or invasive treatment could be ruled out. These variations in the increase in the initial measurements could be related to a situation of stress and anxiety. 6, 18, 19, 32 Surgical treatments may cause higher levels of stress and anxiety in some participants, which may relate to increased BP. 33 Stress generated by pain, anxiety or distress may cause variations in BP and HR. [34] [35] [36] [37] The use of epinephrine in local anaesthesia increases the depth and duration of the anaesthetic and reduces bleeding and the absorption of the local anaesthetic in the operative field. 38, 39 The use of a vasoconstrictor in the local anaesthetic will allow better pain control than anaesthetics without a vasoconstrictor, avoiding an exaggerated stress response as a result. 40 In our study, whether or not participants were subjected to surgical treatment, as well as the use of anaesthesia with or without a vasoconstrictor, implied variations in the study variables. The SBP increased between the first and the second timepoints in participants undergoing surgical treatments and with anaesthesia without a vasoconstrictor and decreased between the fourth and fifth timepoints. In participants undergoing non-surgical treatments, the opposite effect occurred: SBP decreased between the first and the second timepoints and then increased between the fourth and fifth timepoints. With the use of a vasoconstrictor, SBP remained stable. The DBP showed no interaction effect in relation to surgical or non-surgical treatments. Only at the beginning did DBP show higher values for the participants with surgical treatments; with the use of a vasoconstrictor, DBP showed an initial decrease, while without a vasoconstrictor, it showed an initial increase. HR was analogous whether or not a vasoconstrictor was used; between the first and the second timepoints, it decreased with surgical and non-surgical treatments and then increased between the fourth and fifth timepoints. BP variations according to the type of treatment and use of anaesthesia with a vasoconstrictor are in agreement with most previous studies 18, 21, 24, 41 , differing only from a study by Abu-Mostafa et al. 22 These differences could be attributed to the different amounts of local anaesthetics used. In our study, a maximum of three carpules were used, corresponding to 5.4 ml of local anaesthetic containing 0.054 mg of epinephrine, while in their study, they used 3.6 ml of local anaesthetic containing 0.036 mg of epinephrine. The present results could help explain the discrepancies cited above, agreeing with authors such as KnollKohler et al. 42, 43 who established that pain control was lower in participants who received a local anaesthetic without a vasoconstrictor, compared with participants who were exposed to a local anaesthetic with a vasoconstrictor.
Significant differences were observed in the evolution of SBP, with an initial increase in participants undergoing surgical treatments and without the use of a vasoconstrictor and a decrease with non-surgical treatments; but with the use of a vasoconstrictor, SBP remained stable. The DBP had no interaction effect in surgical or non-surgical treatments; it initially decreased with the use of a vasoconstrictor, while without a vasoconstrictor, it was the opposite. The HR initially decreased in participants undergoing surgical and non-surgical treatments and was analogous whether or not a vasoconstrictor was used.
We propose to carry out studies that differentiate additional population groups, such as an undiagnosed hypertensive population and a diagnosed hypertensive population, treated but not controlled.
CONCLUSIONS
During blood pressure monitoring, blood pressure variations occur, but there was no clinical repercussion in the participants because once the treatment concluded, a return to the initial values was observed.
